The form of legume nitrogen assimilated by non-legumes when grown in association by Stallings, James Henry
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1925
The form of legume nitrogen assimilated by non-
legumes when grown in association
James Henry Stallings
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Plant Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Stallings, James Henry, "The form of legume nitrogen assimilated by non-legumes when grown in association" (1925). Retrospective
Theses and Dissertations. 14680.
https://lib.dr.iastate.edu/rtd/14680

INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction Is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps. 
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600 

NOTE TO USERS 
This reproduction is the best copy available. 
UMI" 

IOWA STATE COLLEGE OP AGRICULTURE AW) 
MECHANIC ARTS 
THE FORM OP LEGUIIE NITROGEN ASSIMILATED 
BY NOH-IEGURIES GROY/N 
IK ASSOCIATION 
Submitted to the Graduate Faculty 
in candidacy for the Degree of 
DOCTOR OF PHILOSOPHY 
A Dissertation 
James Henry Stallings 
I Approved 
9aW^Ih charge of M jor 
I Graduate Dean
Iowa State College 
1925 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP14549 
UMI 
UMI Microform DP14549 
Copyright 2006 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
>0 
TABI^ OF COHTEHTS 
Page 
Introduction 1 
Review of Literature .......... 2 
Experimental 12 
Methods 16 
Series I ,18 
Series II 26 
Series III 31 
Series IV 35 
Discussion of Results 38 
Conclusions 49 
Acknowledgment 52 
Bibliography 53 
THE FORM OP lEGUME HITROGEW ASSIIdlLATED 
BY HOW'LSGUMBS WHEN GROWH 
IH ASSOCIATION 
Introduction 
That non-leg:ames, when grown in association 
with inoculated legumes under favorable conditions, profit 
by the association is a well established fact» It is also 
generally conceded tliat this beneficial influence upon the 
non-legyme is due to some nitrogenous substance placed at 
its disposal by the inoculated legume, Hov/ever, ^ust what 
the exact nature of this nitrogenous substance is, is not 
known# The work reported in the following pages was planned 
to throw some light upon this question. 
Review of Literature 
The farmers of western Asia and northern Africa, 
as well as the husbandmen of ancient Rome, v/ere well-aware 
of the value of the associative growth of legumes and non-
legumes, for we are told by Columella (3) that common 
garden osage, Atriplex hortensis, was sown in the fields 
together with peas. It is hardly to be doubted that other 
combinations of non-legumes and legumes were in vo^e at 
that time. 
King (18) stated that in eastern Asia just be­
fore or immediately after harvesting the rice crop the fields 
were often soivn to clover, which was later either turned 
U2ider directly or treated v/ith imid and later applied to 
the land. This author also referred to the practice of 
intertillage and stated tiiat "In this system of combined 
intertillage and multiple cropping, tlie Oriental famer 
thus takes advantage of whatever good may result from rota­
tion or succession of crops, whether these be physical, 
vito-chemical or biological. If plants are mtually help­
ful through close association of their root systems in the 
soil, as some believe may be the case, this growing of dif­
ferent species, in close juxtaposition would seem to pro­
vide the opportunity." 
King (18) mentioned the common practice of grow­
ing non-legumes in association with legumes, in describing 
the cropping methods observed by him in China, Japan and 
Korea. Soybeans were grown in alternate rows with harley, 
millet or maize; millet grown in rows v/ith Windsor beans 
and barley with "Chinese clover". Here, as elsewhere, the 
planting was in rows, usually two rows being planted to 
a non-legume alternated with a legume. The rows were sharp 
and hi^ and seldom over 28 inches apart. This made it 
possible for the non-legume to reap the maximum benefit from 
-s-
tlie nitrogen gathered by the root nodulea as these decom­
pose and imdergo nitrification during the same season# 
notwithstanding the fact tliat agriculture was 
greatly hankered following the decay of the Roman Empire, 
the system of growing legumes and non-legumes was not lost 
from view# Jethro Tull (35) repeatedly referred to legume 
and non-legume mixtures and noted the stimulating effect of 
the former upon the latter* He referred to specific in­
stances where sainfoin and natural grasses, and sainfoin 
and "barley, oats, or corn were grown together and noted 
that the non-legume was benefitted by the legume. He was 
also aware of the fact that either oats, barley or com 
when, grown v/ith a rank crop of sainfoin or clover was very 
apt to lodge. 
With the recovery of the agricultural practices 
after the downfall of the Roman Empire the use of legume-
non-legume mixtures increased and was practiced on a larger 
scale than before. Hine (16) reported the common practice, 
in Herefordshire, of grov/ing sainfoin with oats or barley. 
It was also recognized there that the legume encouraged 
lodging of the grain. Hathwsians (25) mentioned the fact 
that the growing of leg^me-non-legume mixtures was a 
common practice in Europe as early as 1859, and fully 
recognized the favorable influence of the legume on the 
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non-legujne • 
When the investigations of Hellriegel (13) 
and his associates established the claim that the bac­
teria living in the nodules on the legumes were capable of 
utilizing free nitrogen of the atmosphere, an explanation 
was found at once for many facts that hitherto seemed ob­
scure. Agricultural practice was modified and cropping 
systems were Improved to allow the more thorough utiliza­
tion of legumes for the enricliment of the soil. 
LaFliae (19) found that cereals grown with 
legumes profited from the nitrogen fixed by the legtinies, 
and that enou^ nitrogen v/as secured in this way to give a 
fair harvest of grain v/ithout an additional application 
of nitrogen to the soil in the form of manures. These ex­
periments were verified by Strebel (52) and Nobbe and 
Richter (28). Plagg, Wheeler and Tucker (7) noticed the 
favorable influence of clover upon timothy when grown to­
gether. Hewman (27) also noticed the beneficial effect 
of cowpeas upon corn, and similar observations were made 
by Neale (26) and Hendrick (15)* 
Lyon and Bizaell (24) shov/ed that timothy grown 
with alfalfa had a greater nitrogen content than timothy 
grown alone# Lipman (21) noticed the increased growth of 
the non-legume grown in conjunction with a legume, espec­
-5-
ially of oats grown with Canada field peas# He used three 
methods for growing the crops in the experiment* In the 
first method, the plants were grown in large galvanized 
iron cylinders. These cylinders, twenty-three inches in 
diameter, four feet long and open at both ends, were suxJi: 
in the ground until their upper rims projects tv/o inches 
above ground. This regulated the soil conditions for the 
experiment and made it possible to detemine the effect of 
the method of growth upon the plant food content of the 
soil* Canada field peas and oats were compared in the 
first teat with the following rates of seeding; 
Cylinders 1 and 2 — 100 Kernels of Oats 
" 3 and 4 — 30 Canada field peas 
" 5 and 6 50 Oats and 15 peas 
After these crops v/ere harvested, corn and cow-
peas were seeded in a similar manner. Prom the two experi­
ments the author drev/ the following conclusions: 
1. Under favorable conditions, a non-legume 
grov/n Vifith a legume may secure considerable amounts of ni­
trogen from the latter, even tho this may not be indicated-
by an increased proportion of nitrogen in the dry matter 
of the non-legume. 
2. The presence of the non-legume in such mixed 
seedings need not decrease the yield of dry matter or ni­
trogen in the legume. 
6-
Tliia nark aliov/ed that increased quantities of 
combined nitrogen may be placed at the disposal of the 
non-legum© by its association v/ith the legume, but it did 
not how the nitrogen was made available. Lipman ad­
vanced the follov;ing theories: 
lst» The ga.tn may have been due to the decay 
and nitrification of the finer rootlets of the legume* 
2nd* Soluble nitisogen compounds may have dif­
fused from the legume to the non-leguine» 
3rd. The presence of the legume rimy have encour­
aged the fixation of nitrogen in the soil itself by Rhizo-
bium legtitainosaruiny Azotobacter or other azobacteria. 
The second theory seemed the nore logical and 
Lipman then planned pot experiments in which the legume 
was separated from the non-legvuTie by a porous pot (22) • 
This allov/ed the soluble nitrogen compounds to pass thru 
but kept back the roots. The results, v/hile not conclusive, 
indicated that this theory was the logical solution of the 
problem. 
Hutchinson and Miller (17) made a thorough re­
view of previous literature on the assimilation of niti^ogen 
by hi^er plants and made the following conclusions; 
1. That beans, corn, and probably other plants 
can directly assimilate ammonium salts* 
-7-
2. Tliat various plants are capable of directly 
assimilating nitrites from dilute solutions. 
3« Tliat only negative results as regards assim­
ilation have been obtained v/ith ainidosulphonio acid, hydro-
xylamin, diamid, and azoimid. 
4« That, v/hile the great majority of organic 
compounds have given negative results, more or less satis­
factory evidence of assimilation has been obtained with 
methylamins, amylaiains, allylamina, dimethylamin, acetamid, 
cholin, betain, leucin, m:»ea, dicyandiamid, aspartic acid, 
asparagin, glutamin, allantoin, uric acid, hippuric acid, 
tyrosin, and humic acid. 
Stoklasa (31) failed to identify ammonia in lupine 
nodules• However, he found a trace of nitrate nitrogen at 
the flowering stage v/hich disappeared at the fruiting stage. 
Amids and asparagin were found at both the flowering and 
fruiting stage, Whiting (57) identified 1-asparagin and 
leucin in the nodules of Vicia faba. Strowd (33) failed to 
detect the presence of cyanides in the extract from 100-
gram quantities of soybean nodules by a method that v/as 
sensitive to 0.01 mgs. hydrocyanic acid. His investigations 
as well as those of Sana (29) indicated that so;5rbean nod­
ules were rich in asparagin. 
Halversen (11) detected the presence of amino 
nitrogen in pure cultures of Rhizobium leguminoaarum but 
-s-
failed to detect nitrites or nitrates in vigorous cultures 
which v/ere g&own on media free from these compounds• His 
qualitative tests indicated the presence of tyrosine Y/itliin 
the protein molecule. 
Vifinogradaky (38) thot that the most probable ex­
planation of nitrogen fixation by niicroorganisms v:as tlrnt 
amnionia was formed by direct synthesis of i^ee nitrogen 
and nascent hydrogen# Stoklaaa (31) agreed with this con-
tention# Further support of tiiis theory was given by 
Bernthsen (2) in his production of anuaonia synthetically 
by passing a mixtui'e of tliree volumes of hydrogen and one 
of nitrogen, at a pressure upwards of 150 atmospheres, over 
a suitable catalyzer operating at a temperature of 500 to 
700°C, 
Lipman (20) suggested tliat the synthesis of free 
nitrogen to protein passed tliru oxyacida, amino acids, 
peptides, polypeptides, etc* 
At the present time very little is loiown regarding 
the mechanism of nitrogen fixation, Loew and Aso (23) 
believed that ammonium nitrite was the first compound pro­
duced# Their belief v/as based on the assumption that the 
decomposition of ammonium nitrite into nitrogen and water 
was a reversible reaction according to the equation 
Hg + SHgO ^  HH4K0g. This theory is very ably supported 
9-
hj Palk and McKee (6) who advanced the belief that nitrogen 
gas may be hydrolyzed to foiro aimnoniiiia nitrite. In arriv­
ing at their belief they reversed the usual procedure, in 
the discussion of electric valence theories in connection 
with chemical reactions, of adapting the theories to pre­
viously known facts and attempted to test certain deduc­
tions from theoretical views by experiments. These authors 
reasoned thus: That according to the Valence theory (5) 
the two atoms of nitrogen in such a molecule as the nitrogen 
molecule differ from each other, one having a negative 
character and the other a positive. If this be true, then 
from the analogies dra\Yn mainly from the reactions of 
organic chemistry, the nitrogen molecule would be hydolyzed 
in such a way that from eacli molecule one ammonium radical 
and one nitrous acid radical (KOg) would be formed. The 
equation representing this reaction v/oiild be as follov;s: 
H S H + 2H2O = H4 H - H O2 
or ordinarily vrritten: 
Hg + 2H2O r NH4IIO2 
Gautier and Drouin (9) suggested that tlie ni­
trogen of the air was first oxidized to nitrous and then 
to nitric acid and subsequently reduced to an ammonium com­
pound which was further changed to other nitrogenous com­
pounds. Stoklasa (31) added further support to this theory 
+++ + o •+ 
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by finding a trace of nitrates in the nodules of lupines 
at the flowering stage# This process of nitrogen fixation 
would be analogous to the ooiamercial production of nitric 
acid by the arc process v/hich takes place by oxidi25ing 
the atmospheric nitrogen to nitric oxide; further oxidation 
yields HOg, which maj be converted into nitrate or nitrite 
by choosing the proper conditions of absorption# On the 
other hand V/hiting (36)* failed to find nitrite, nitrate, 
or arainonia in the nodules or in the plants grov/n in a ni-
trogen-free medium# Hitrates have never been found in 
pure cultures of the legume bacteria# 
Hatchinson and Miller (17) reported the finding 
of a considerable ^piantity of ammonia in both roots and 
nodules of beans, the ammonia being present in larger 
amounts in the nodules than in the roots# However, the re­
liability of their method was questionable# They determined 
ammonia by distilling the nodule extract v/ith magnesia 
under reduced pressure. Hart and Bentley (12) pointed out 
that the amid nitrogen in asparagin was split quantitative­
ly by distilling with magnesia at 100®C# 
Praiilc (8) failed to detect the presence of ni­
trates in roots or nodules of peas grown in sand free of 
combined nitrogen; but detected the presence of nitrates 
in the roots, but not in the nodules of peas grown in. soil. 
He also detected the presence of asparagine in lupine and 
11 
pea nodules as well as in the roots. Assuming the initial 
process in nitrogen fixation to be the production of an 
amiiionium salt it is possible that some of tlie ammonia 
would pass into the roots# It does not follow, however, 
that all of the nitrogen taken up from the nodules is in the 
same form, and it seems equally possible that tlifi aspara-
gine found in the roots may have been partly pi?oduced in the 
roots themselves and partly obtained from the soil# 
Heinze (14) thought it probable that nitrogen 
vms at once brou^^ht into coiabination with a hydrocarbon 
and suggested that a salt of carbonic acid was first formed 
or that carbonic acid was produced from cyananide. 
All of these theories taice for granted that the 
nitrogen is fixed in a soluble form# Gerlach and Vogel (10) 
refuted the theory of Beijerinck and Van Delden (1) that 
a soluble nitrogen compound was first formed by Azotobacter 
by showing that soluble nitrogen was not present in cul­
tures after fixation had taken place# The fact liiat a cer­
tain coapound was found within the nodules of a plant does 
not necessarily mean that it was formed there# It may have 
been absorbed from tlie soil# The actual solution of this 
question will have to come either from observations of pure 
cultures grown on syntlietic media or from the nodules of 
plants grown Under controlled conditions# 
It is apparent from these reported results that 
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the data presented are concerned with five main problems: 
first, the beneficial influence of legumes as green manure 
crops; second, the influence of legumes on non-legumes grown 
in mixtures5 third, the f oms of nitrogen assimilated by 
liigher plants; four, the forms of nitrogen in legume nodtiles 
ai^ fifth, theories concerning the mechanism of nitrogen 
fixation by microorganisms* Sufficient data have been pre­
sented in support of seme of these problems to Justify the 
drawing of more or less definite conclusions, while some 
of them, especially the fifth, still remains more or less 
obscure. 
This review of the literature clearly shows that 
very little effort has been made to ascertain the form in 
which non-legumes obtain nitrogen from legumes when grown 
! 
together. This paper ie concerned with tliis Important 
question and it is hoped that the experiments reported will 
i help to clarify this point. 
Ksperimental 
Two soils and a nitrogen-free sand were used in 
these experiments. One of the soils was glacial in origin, 
; occurring in the V/isconsin drift soil area, and the other 
was a residual soil, arising from coastal plain deposits, 
and occurring in the coastal plain soil area. One was 
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classified as Carrlngton loain by the Bureau of Soils and 
the other aa Lufkin fine sandy loam. The C^rrlngton loam 
v/as used for series I and the Lufkin fine sandy loam fop 
series II and III. These soils vary widely in their general 
characteristics and crop producing pov/er. The former is 
dark brovm to black in color, v/ell supplied v;ith humus and 
nitrogen, and is considered to be a very productive soil; 
the latter is grayish to grayish brown in color, low in 
hunras and nitrogen and is considered to be a very unproduct­
ive soil. Analysis showed #3408 percent nitrogen in the 
C£U?rington loam. An analysis of the Lufkin fine sandy 
loam shov/ed »0788 percent nitrogen, .037 percent total phos­
phoric acid, 1.16 percent potash, .32 percent acid soluble 
lime, .28 percent acid soluble magnesia, .08 percent sul-
phup trioxide and a lime requirement of 1 ton, by the Truog 
method (34). 
Soybeans and wheat, grown alone and in associa­
tion, were the plants used. Each series except the nitrogen-
fi»ee sand series consisted of fourteen pots. Two-, three-, 
and one-gallon pots were used for series I, II, and III, 
respectively. Th© two-gallon pots were used during the 
early part of the experiment but three-gallon pots v^ere 
later used for the imsterilissd and one-gallon for the 
sterilized soil. The soil was sterilized by autoclaving at 
—14*" 
; 15 po\mds for one hour. All inoculated soils received cul­
tures containing the proper bacteria to bring about inocu­
lation* 
Large samples of the two soils were secured from 
the field, sieved, thoroughly mixed and placed directly in 
the pots and weight. The three~gallon pots were filled 
with 15 kilos, the two-gallon with 10 kilos and the one-
gallon with 5 kilos of air dried soil# Soybeans and wheat 
were seeded in the pots of Series I, II, and III, as shov/n 
in Table 1. 
Pure cultures of the soybean organism were added 
to each pot and the moisture content brouglit up to ttie opti­
mum by adding water to weight. Tlae moisture content v/as 
kept up daring the continuaiice of the esqperiraent by v/eighing 
the pots twice each week and adding distilled water to v/eight. 
Tiie one-gallon pots were numbered and planted as sha/n in 
j 
I Table I. ( 
( 
In each test the crops we're harvested from dupli­
cate pots at two stages of grov/th. The first harvest was 
j 
i made from pots 1 to 6 inclusive when tlie first bloom, appeared 
f t 
j on the soybeans. The second harvest was made from pots 7 
J 
\ to 12 inclusive when the first pods were about half mature. 
1 The soil in the check pots was sampled at both harvests* 
'j 
j The plants were cut near the surface of the soil, and tlie 
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TAB.IE 1 
System of nuabering pots and rate 
of seeding wlieat and soybeans in 
Series III. 
First Harvest 
1 Wlieat, 6 plants, grown alone 2 «i Ti Ti n 
3 Soybeans, 4 plants, grown alone 
^ n u II II 
5 Yilheat, 3 plants, grown with soybeans g ti ti ri I? u 
5 Soybeans, 2 plants, grovm with wheat g Fi ti II ti II 
Ck Check, uncropped 
Ck " " 
Second Hax^est 
7 Wheat, 6 plants, grown alone 
g tr H It tt 
9 Soybeans, 4 plants, grown alone 
2Q « " If 
11 V/heat, 3 plants, grown with soybeans 
22 " " 
11 Soybeans, 2 plants, grown v/ith wheat 
22 " " " " " 
Ck Check, uncropped 
Ck " " 
Orig. Original soil 
The two- and three-gallon pots v/ere allov/ed 
2 and 3 times the number of plants, respect­
ively, as in the above table« 
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roots carefully removed from the soil. The tops, roots 
and nodules v/ere dried and weighed# They were then finely 
ground and the soil, tops, roots and nodules analyzed for 
ammonia, nitrites, nitrates, amino acids and total nitrogen. 
Duplicate determinations were made on each sample, except 
in cases where there was an insufficient amount of the 
sample, and the results were requireei to agree very accur­
ately. Repeats were run in all necessary cases, as well 
as blank determinations on reagents. Only the final aver­
age results are given in the tables. 
A coarse wliite sand was used in the nitrogen-free 
sand series. Eight one-gallon pots were filled with 5 kilos 
of sand after mixing in 10 grams of pure calcium carbonate. 
The plants in each pot received the following fertilizer 
treatment each week: 
10 c«c. each of -
25 grams CaH4 (P04)2 per 2,500 c.c. water 
20 grams MgS04 per 2,500 c.c. water 
50 grams K2SO4 per 2,500 c.c. water 
1 c.c. of -
.1 gram Pe CI3 per 250 c.c. water. 
These amounts were diluted v/ith water and added at the same 
time that the plants were made to weight. 
Each pot was planted to six soybeans, the beans 
in the last six pots being inoculated with a pure culture 
16-
solution "before planting. 
The roots, and the sand imaediately aro\md the 
roots, in pots one and two, v/hich were 3iot inoculated, 
were analyzed for aramonia, nitrites, nitrates and amino 
acid r^trogen» The same was done for pots tliree and four 
just at the time when the plants recovered from the period 
of "nitrogen hunger". The plants in the other four pots 
v/ere harvested at the same stages as those of the soil and 
handled in a similar manner. 
Methods 
Total Nitrogen. - For all total nitrogen d?. ter­
minations the copper sulfate method was used. A ten gram 
sample of soil, .5 to 1 gram sample of tops and roots and 
.1 to .5 gram sample of nodules were used. The samples 
were carefully weight in duplicate, where the amotint of 
material was sufficient and transferred to an 300 c.c. 
Kjoldahl flask. About 10 grams of a mixture of potassium 
sulfate and copper sulfate — 100 gpams of potassium sulfate 
to 10 grams of copper sulfate — were added and then from 
25 to 50 c.c. of concentrated sulfuric acid. The remainder 
of the process was the same as with any total nitrogen 
determination by the distillation method* .05N sulTuric 
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acid and •025N sodiiam hydroxide were used for titrating. 
Sodium alizarine siilphonate indicator was used thruout# 
Aimnonia* - The Colorimetric method for deter­
mining ammonia as outlined by Schreiner and Pailyer (30) 
was used for determining the ammonia in both soil and 
plants* 
Mtrites. - The method used for nitrites was 
identical v/ith that outlined by Schreiner and Pailyer (30). 
Hitrates. - Davis* (4) modification of the 
Phenoldisulfonic acid method for determining nitrates in 
soils was used for both plants and soils* 
Amino Acids. - For the determination of amino 
acid nitrogen the Van Slyke (36) method v/as used. 
Soil Solutions* - The soil was first air dried, 
finely ground and thoroughly mixed* 100 gram portions were 
carefully weighed into 800 c.c. bottles* 200 c*c. of dis­
tilled water and about 10 grams of carbon black, special 
brand G. Elf., were added* The contents were shaken for 
30 minutes and filtered thru double folded filter paper, 
the first 50 c.c. portions of the filtrate being discarded 
i or poured back into the bottle for refiltering* This usually 
gave a clear solution* 
Plant Extract Solutions* - The plants, tops, 
roots and nodules, were first dried in an electric oven and 
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finely ground in a small grinding machine or mill# Samples 
were weighed, varying in size from a fraction of a gram to 
10 grams, depending upon the amount of substance available, 
and transferred to 800 c.c« shaker bottles# 500 c.c. of 
distilled water and about 10 grams of carbon blacky special 
brand Elf*, being added. The contents were vigorously 
shaken for about three minutes and allov/ed to stand for 
about twenty minutes with occasional shaking# The filter­
ing was done as in case of the soil raentioned above# The 
solution was then ready for use# 
Series I 
In this series soybeans and wheat v/ere grown 
alone, and in association, on Carrlngton loam# The weights 
of the tops, roots, nodules and plants secured at the 
first and second harvests are given for each pot in Table 2. 
! The yields given in Table 2 show that the com-
I bined weight of tops and plants of soybeans and wheat grov/n 
I 
I in association was greater than wheat, but less than soy-
i beans, grown alone# This was to be expected, since it is 
! generally conceded that non-legumes derive considerable 
j benefit from inoculated legumes when grown in association 
I 
i under favorable conditions# In case of the roots the com-
! bined weight of soybeans and wheat grown in association 
I 
' was less than soybeans and wheat grown alone# The difference 
TABLE 2 
Dry weight of plants grown in Carrington loam. 
:pot ; Tops : Av. : Roots : Av. : Hodules : Average Plants : Average 
Ho* : : m • • • • 
; gms. : gms« : gras. : gms. z « Z • gms. • ^ • 
First Harvest 
1 14.81 15.22 • « •  4  • • • • 30.03 
2 10.88 12.84 9.97 12.59 • • • • • • • • 20.85 25.88 
3 22.90 12 ^ 91 2.0 37.81 
4 21.82 22.36 12.05 12.48 2.5 2.25 36.37 37.09 
5 7,83 3.36 « « • • • • • • 11.19 
6 5.62 6.72 1.86 5.61 • • • « • • « • 7.48 9.33 
5 5.31 6.61 11.92 
6 16.00 10.65 4.24 5.42 •5f 20.24 16.08 
Second Harvest 
7 37.00 26.00 . . . .  . . . .  63.00 
8 29,00 33.00 28.00 27.00 • • • . 57.00 60.00 
9 81.00 16.50 5.5 103.00 
10 76.00 78.50 12.00 14.25 4.0 4.75 92.00 97.50 
11 9.00 6.00 • • « • . . . .  15.00 
IS 11.00 10.00 7.00 6.50 • • • « .  . « •  18.00 16.50 
11 50.00 4.00 3.0 57.00 
12 49.00 49.50 5.00 4.50 2.8 2.90 56.80 56.90 
V/eights of nodules lost 
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I 
existing between the combined weight of tops, roots and 
plants of soybeans and wheat grown in association, and 
alone, was due largely to the decreased percentage of the 
total plant grov/th of v/heat roots to the tops of the plants 
grown in association with soybeans over those grown alone, 
and the increased percentage for the corresponding soybean 
plants. 
The roots of tlie wheat grovm alone comprise 48.6 
and 45.0 percent and those of the wheat grown in association 
with soybeans 45.4 and 39.4 of the total plant grov/th at 
the first and second liarvests, respectively. The percent­
age of the roots of the total plant growth of the correspond­
ing soybeans, grown in association v;ith wheat, and alone, 
was 33.65 and 14.6 for those grovm alone and 33.7 and 7.9 
for those grown in association v/ith v/heat at the first ani 
second harvests, respectively. The percentage of the total 
plant growth in the roots for the soybeans grown witli wheat 
was practically the sarae as that for soybeans grown alone 
at the first harvest. However, the nodules v/ere not in­
cluded in the total weight of the plants grown with wheat, 
consequently this made the percent higher than it really 
should be. Tliis beneficial influence was more pronounced 
with the tops than roots in each case. 
The data given in Table 3 shov/s the amoimt of 
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ammonia in the soil, tops# roots and nodules at the first 
and second harvests. 
An examination of this table shows that ammonia 
was present more or less abundantly in the soil, tops, 
roots and nodules at both harvests. The soil cropped to 
the soybean-wheat mixture contained more ammonia than 
that cropped to soybeans but less than that cropped to 
wheat alone at the first harvest. The soil of the soybean-
wheat mixture contained an average of .0252 parts per 
million as compared with .0263 for the soybeans and .0801 
parts per million for wheat alone at the second liarvest. 
The wheat tops grown in association with soy­
beans contained an average of 71.16 and 20.04 parts per 
million of ammonia as against 43«i75 and 10.35 parts per 
million for wheat tops grown alone at the first and second 
harvests respectively. The amounts of ammonia for the cor­
responding soybeans were 27.77 and 16.33 parts per million 
for the soybeans grown in association with wheat as against 
32.88 and 14.86 parts per million for soybeans grown alone 
at the first and second harvests, respectively. 
The difference between the sunmonia content of 
the a?oot3 of the wheat plants grown in association with 
soybeans and those grown alone, was equally as pronounced 
as that of the tops. The roots of the wheat plants grown 
in association with soybeans contained 40.47 and 10.55 
TABIE 3 
Ammonia in soil. tops, roots and nodules obtained 
in Series I. Shown in parts per million. 
Pot ; Soil :Average : Tops : Average ; Roots ;Average ; Isfodules : Average 
Ho* : « • • • • • • • • • * « : 
First Harvest 
1 .0454 41.20 13.80 
2 .0373 .0413 46.29 43.75 17.59 15.70 
3 .0193 31.25 10.84 •3:-
4 .0454 .0323 34.52 32.88 9.52 10.18 138.85 138.85 
5 .0357 68.25 28.91 • • • • • • • • • • 
6 .0357 .0357 74.08 71.16 52.03 40.47 
5 .0357 20.83 8.05 
6 .0357 .0357 34.72 27.77 13.29 10.67 92.07 92.07 
Clieck .0676 • • • « • • • » • • • • # • • • • • • • • • • • • • • • • • 
Check -0781 .0728 
Second Harvest 
7 .0801 11.86 4.96 • « • • * 
8 .0801 .0801 8.75 10.35 4.51 4.74 • « * # • 
9 .0224 15.73 6.49 36.88 
10 .0303 *0263 14.00 14.86 6.49 6.49 59.04 47.96 
11 .0241 19.09 11.87 # • • • • • • • • • 
12 .0263 .0252 21.00 20.04 9^ .23 10.55 # • • • • • • • • • 
11 .0241 12.02 17.22 44.09 
12 .0263 .0258 11.66 16.33 17.22 17.22 68.32 56.21 
Check .0323 • • • • • • • • • • • • • • » • • • • • • • • • • • # « • • 
OXi.O wis* 
Orig» .1492 .1492 
Readings lost 
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parts per inlllion of amnonia as compared with 15*70 
and 4.74 parts per million for wheat grovm alone at the 
first and second harvests, respectively. The amounts 
of amznonia for the roots of the correspondirig soyhesins 
were 10.67 and 17.22 parts per million for soybeans 
grown in association with wheat as compared with 10.18 
and 6.49 parts per million for soybeans grown alone at 
the first and second harvests, respectively. 
The nodules showed the presence of an abundamce 
of ammonia in all cases. The nodules of the first liarvest 
had a higher ammonia content than those of the second. 
The ammonia content of the nodules from tlie soybean plants 
grown alone was considerably higher than that of the soy­
bean plants grown in association v;ith wheat for the first 
harvest, but for the second those from the soybean plants 
grown in association with wheat averaged a little higho? 
than those from the soybean plants grown alone. 
In table 4 are contained the amoimts of nitrites 
in the soil, tops, roots and nodules for each pot at both 
harvests. There were no striking differences in the 
nitrite content of the soil of the different pots at the 
first harvest# The soil in which the soybeans and wheat 
we3?e grown in association contained .0104 parts per 
million as against .0125 and .0080 parts per million for 
soybeans and wheat grown alonejrespectively^ for the 
TABHE 4 
Nitrites in soil, tops, roots and nodules obtained 
in Series I. Shown in parts per million. 
J^ ot i o^il : Average : Tops 5 Average : Roots : Average ; Nodtaea ; Average 
; ; i ; : i t ; 
Harvest 
1 .0010 8.4410 .0732 * # • • • 
2 .0010 .0010 3.3160 5.8785 .0588 .0660 • • • • • 
3 .0011 .2790 .1041 
4 .0011 .0011 .3050 .2920 • 2015 .1527 20.49 20.49 
5 .0011 .5890 .1850 • * • • • • # • • • 
6 .0011 .0011 1.6190 1.1040 .4590 .3220 • • • • • 
5 .0011 .1980 .0879 
6 .0011 .0011 .1980 .1980 .0717 .0794 20.49 20.49 
Check .0014 • • • • • • • • • • • • • • • • • • • • • ft • • • # • • • # 
Check .0014 .0014 • • • • • 
Second Harvest 
ri 
.0062 
.0099 
.0056 
.0037 
.2204 
.4166 
f 
8 .0080 .0046 .3185 • • • • 
9 .0156 .0084 .5858 7 53 
10 .0095 .0125 .0067 .0075 .3190 .4524 10 54 9.04 
11 .0125 .0080 .4166 • • • t • • • 
12 .0085 .0104 .0104 .0092 .2870 .3518 • « 
11 .0125 .0056 11.1680 3 75 
12 .0083 .0104 .0056 .0056 .5131 5.8905 3 96 3.85 
Check .0122 • • • • • • • • • • • • # • » 0 9 • • 9 • • • • • • « • 0 
Check 
Orig. 
.0170 
.0016 
.0146 
.0016 
Readings lost. 
-22' 
second harvest• 
The wheat tops grown in association v/ith soy­
beans contained an average of 1.104 and .0092 parts per 
million as compared with 5.87 and #0046 parts per million 
of nitrites for wheat tops grown alone at the first and 
second harvests, respectively# The corresponding soybean 
plants contained .ISS and #0056 parts per million of ni­
trites in tops when grown in association with wheat, and 
•292 and •0015 parts per niillion nitrites for soybeans 
grown alone at the first and second liarvests, respectively. 
The average nitrite content of wheat roots grown in assoc­
iation with soybeans v/as #322 and .3518 parts per million 
as compared with .066 and tSlSS parts per million for the 
roots of wheat grown alone for the first and second harvests, 
respectively. The nitrite content of the roots of the cor-
i»esponding soybeans was .0794 and 5.89 parts per million 
for soybeans in association v;ith wheat and .1527 and .4524 
parts per million for soybeans grown alone at the first 
and second harvests, respectively. 
The soybean nodules contained nitrites in all 
cases, the amount being much lower at the second harvest 
than at the first, and considerably less for the nodules 
grown in association v/ith wheat than those grovm alone at 
the second harvest. The. difference in the nitrite content 
of the nodules of the soybean plants grown in association 
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with wheat, and alone, was only very slight for the first 
harvest. 
Table 5 contains the amo"unts of nitrates in 
the soil, tops, roots, and nodules for each pot at both 
harvests. An examination of this table reveals the fact 
that the nitrate content of the soil in the soybean-wheat 
pots v/as slightly greater than that of the wheat and less 
tiian that of the soybean pots at the time of both harvests. 
The difference was more pronounced at the time of the second 
than at the first harvest. 
The average nitrate content of the wheat tops 
grown in association with soybeans was 62.95 and 7.14 parts 
per million as compared with 54.85 and 2.58 parts per mill­
ion for wheat grown alone at the first and second harvests, 
respectively# The average nitrate content of the tops for 
the corresponding soybean pots v/as 6.38 and 2.14 parts per 
million where soybeans were grown witli wheat and 4.79 and 
2.78 parts per million where soybeans ¥;ere grown alone at 
the first and second harvests, respectively. 
The nitrate content of the roots of v;heat grown 
with soybeans was greater at both harvests than that of 
wheat roots grovm alone. The reverse was true for the soy­
beans. The roots of the soybeans grown in association 
with wheat contained 19.01 and 2.64 parts per million of 
TABLE 5 
Nitrates in soil, tops, roots and nodules obtained 
in Series !• Shown in parts per million. 
Fo^  i Soil i Average ; 5opa I Average : Roots Average : i^ odiaes lAverage 
Ho. i ; : . • 5 : : 
5?ir3t Harvest ' ' , 
1 .0027 44.89 11.00 
2 .0027 .0027 64.81 54.85 9.05 10.02 • « 
3 .0039 4.58 15.82 Hon© 
4 .0039 .0039 5.01 4.79 28.64 22.23 u None 
5 .0025 32.51 46.15 • • » • • 
6 .0050 .0035 93.40 62.95 25.64 35.89 « • • • « 
5 .0025 5.70 20.95 None 
6 .0050 .0035 7.06 6.38 17.08 19.01 tt None 
Check .0500 ft « » • • • 9 • • • • # • • • • • • • • • • « • • • • • » # 
Check .0406 .0453 
Secona Harvest 
7 .0500 2.58 .81 
8 .1250 .0875 2.58 2.58 1.22 1.02 • • • « • 
9 .1420 2.18 3.38 Kone 
10 .1200 .1310 3.37 2.78 3.37 3.38 Hone None 
11 .0847 7.14 1.32 
12 .1656 .1251 7.14 7.14 2.50 1.91 
11 .0847 2.14 2.64 Hone 
12 .1656 .1251 2.14 2.14 2.64 2.64 It None 
Check 1.3333 • « « • • • • • • • « * • * • • » • « • • « • • • 
Check 
Grig. 
1.3333 
.0400 
1.3333 
.0400 
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I nitrates as compared with S2»2S and 3.38 parts per million 
at the first and second harvests, respectively# The nod­
ules were free from nitrates in all oases. 
The data presented in table 6 show the amounts 
of amino acids in soil, tops, roots and nodules obtained 
in Series I. An examination of this table reveals the 
absence of amino acid in the soil in all saijiples. The 
wheat tops contained a higher amino acid content than those 
of soybeans, except in case of the wheat tops of the soy-
bean-wheat mixtwe at the second harvest in which case the 
soybean tops had a slightly larger amount of amino acid 
than the wheat. This difference was very sli^ t, however. 
The amino acid content of the wheat tops in the soybean-
wheat mixture was slightly greater than that of the wheat 
alone for the first harvest and less for the second. The 
soybean tops of the soybean-wheat mixture had a higher amino 
{ 
I acid content than those grown alone. 
There was nothing significant about the amino 
acid content of the roots other than that they were much 
lower in amino acid than the tops and the roots of the second 
harvest contain considerably less amino acid than those of 
the first. 
Amino acid was present in the nodules in all 
cases. The amount greater with the first harvest than 
Amino acid nitrogen in soil, tops, roots and nodules 
obtained in Series I. Shown in cubic centimeters 
of nitrogen per gram of samples. 
Pot : Soil :Average : Tops : Average : koots : Average Ijodules : Average 
No. ; i I i I t i 
First Harvest " 
1 None 16.15 3.06 
2 II None 13.06 14.61 2.46 2.76 • • • • • 
3 II 6.63 3.25 
4 II None 9.36 8.00 4.55 3.90 121.36 121 36 
5 n 18.20 1.94 • • • • • • • • • 
6 n None 12.03 15.11 2.28 2.11 
S n 6.43 1.66 
6 n None 9.75 8.09 1.73 1.69 85.00 85 00 
Check 11 • • • • • • • • » • • • • • • • • • • • • « • • m • « 
Check 11 None • • • • • • • • 
Second iiarvest 
7 It 4.95 .09 
8 II None 9.14 7.05 .09 .09 • • • • 
9 11 3.04 .00 17 95 
10 II None 2.28 2.66 .00 .00 17.95 
11 II 4.76 1.00 • • • • • 
12 II None 4.38 4.57 .00 .50 • • # • 
11 I! 5.14 2.00 14 12 
12 II None 4.19 4.66 1.95 1.97 12 08 13.10 
Check tl • • • • • • • • • « • • • • • • • • • • • • • • • • • 
Check 11 None « • • » • • • • 
Grig. 11 None • • * • « • • • 
Readings lost. 
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with the secorid and also greater for the soybeans alone 
than for the soybeans In the soybean-wheat mixtiire. 
In table 7 are contained the amounts of total 
nitrogen in soil, tops, roots and nodules for each pot at 
both harvests* An examination of this table reveals a 
loss of nitrogen in all cropped soil over the original and 
checks* The loss was greater at each liarveat with the 
soil planted to v/heat alone tiian witii soybeans alone or 
the soybean-wheat roixtixre* The loss for the latter ivas 
lesa than that for the soybeans alone at the first harvest 
and practically the same at the second# 
The soybean tops liad a liigiier percent of total 
nitrogen than the wheat tops* The percent of nitrogen was 
greater at the second harvest than at the first* The wheat 
tops of the soybean-wheat mixture v/ere slightly lower in 
nitrogen at both harvests tlian the rheat alone* This differ­
ence was only slight* The wheat tops of the second harvest 
had a lower nitrogen content than those of tlie first* 
The wheat roots grown in association v/ith soy­
beans contained a higher percent of nitrogen than those of 
wheat grown alone at both harvests. The nitrogen content 
of soybean roots was sli^ tly higher at the first than the 
second harvest* 
The nodules v/ere exceptionally high in total 
nitrogen. Those of the second harvest contained more 
TABIE 7 
Percent of total nitrogen in soil, tops, roots 
and nodtilea obtained in Series I. 
Pot ; Soil : Average' ; Tops : Average : Roots ; Average : jlfodules : Average 
Ho* : : : : : : : ; 
Flrs^ nSarvea^  
1 .2994 2.14 2.08 
2 .5194 .3094 2.15 2.14 2.08 2.08 • • • • • 
3 .3244 3.19 2.74 7.42 
4 .3136 •3190 3.69 3.44 2.75 2.74 8.27 7.85 
5 .3317 2.33 2.12 • • • » • • • • • • 
6 .3191 .3254 1.70 2.02 2.18 2.15 a • • • • 
5 .3317 3.18 2.42 7.95 
6 .3191 .3254 3.48 3.33 2.40 2.41 7.99 7.97 
Check .3247 • • • • • « • • • * « « « • • a • « • « • • * • • • 
Check .3401 .3324 • • 4 • • • « • « • • • • • « • 
Second Harvest 
7 .3023 1.81 1.53 
8 .2739 .2881 2.05 1.93 1.52 1.53 » • • • 
9 .3143 3.56 2.44 9 93 
10 .3028 .3085 3.69 3.63 1.87 2.14 9 68 9.81 
11 .3028 2.24 2.68 •  •  • • • • • » • 
12 .3146 .3087 1.52 1.88 2.44 2.55 •  #  • • 
11 .3028 3.67 2.28 9 54 
12 .3146 .3087 3.69 3.68 2.13 2.21 9 61 9.58 
Check .3454 0 • •  •  • • • • . . . .  . . . .  m 9 « » • • • • • 
Check .3279 .3367 • • • • • • • « . . « •  .  • « .  
Orig. .3408 .3408 •  •  «  •  •  •  •  •  . . . .  • .  •  •  
-26-
nitrogen tlian those of the first* The association of 
soybeans with wheat did not seom to influence the nitro­
gen content of the nodules. 
Series II 
In this series soybeans and wheat were grown 
alone and in association on unsterilized Lufkin fine sandy 
loam. The weights of the tops, roots, nodules and plants 
obtained from the first and second harvests, are given for 
each pot in table 8. 
An examination of this table shov/s that the 
average combined weight of the tops of wheat and soybeans 
grown in association was greater than that of wheat but 
less than soybeans grown alone at both harvests# The com­
bined weight of the roots of vfiieat and soybeans grovm in 
association was greater tlian that of soybeans but less than 
that of wheat grown alone at both harvests. Th© weight 
of nodules averaged slightly higher per plant for the 
plants grown in association with wheat than those grown 
alone for the first harvest, but slightly lovfer for the 
second. The average combined weight of the plants of the 
soybean-wheat mixture was greater than that of wheat or 
soybeans grown alone at both harvests. 
In table 9 are contained the amounts of ammonia. 
TABIiE 8 
Dry weight of plants grovm in unsterilized 
Lufkin fine sandy loam. 
Pot : Tops Average : Roots : Average s iJodules Average : Plants : .Average 
Mo. • « « • # • • • « • • 
X gnis • gniff • m « gnis • 1^313 • • U^S • s gjSiS • 
First Hairvest 
1 8.35 10.61 «• • • • • * • 18.96 
2 8.69 8.52 10.19 10.40 • • • • • • o • 18.88 18.92 
3 15.10 4.08 .87 20,05 
4 16.50 15.80 3.45 3.76 .72 .79 20.67 20.36 
5 5.37 7.40 • * « • • « • • 12.77 
6 6.34 5.85 8.80 8.10 • « • # • • • • 15.14 13.95 
5 7.80 1.43 .59 9.82 
5 9.70 8.75 1.70 1.56 .93 .76 12.33 11.07 
Second Harvest 
7 14.60 23.70 • • • • • • • • 38.30 
8 13.70 14.15 25.00 24.35 • • • • • • • « 38.70 38.50 
9 26.30 7.40 1.59 35.29 
10 28.30 27.30 6.80 7.10 2.59 2.09 37.69 36.49 
11 8.50 15.30 • » • • • • « • 23.80 
12 8.30 8.40 17.00 16.15 • • • « • • « • 25.30 24.55 
11 14.10 1.30 1.40 16.80 
12 12.00 13.05 2.40 1.85 .57 .98 14.97 15.88 
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in parts per million, fornid in the soil, tops, roots and 
nodules for each pot at both harvests« At the time of 
the first harvest the average anuaonia content of the soil 
was .1036 parts per million for v/heat grovm alone, .0539 
for soybeans grown alone, and .047 for wheat and soybeans 
grown in association. At the time of the second liarvest 
the ammonia content of the soil was reversed, being a 
trace, .0093 and .0168 parts per million for wheat and 
soybeans grown alone and in association, respectively. 
With the exception of the average of the v/heat 
tops of pots 1 and 2 the wheat plants, both tops and roots, 
grown in association with soybeans contained more ammonia 
tlian the tops and roots of corresponding wheat plants grovm 
alone at both harvests. The wheat tops grown in associa­
tion with soybeans contained an average of 5.51 and 3.13 
parts per million as compared with 24.9S and 1.58 parts 
per million for wheat tops grown alone at the first and 
second harvests, respectively. The corresponding wheat 
roots contained 16.70 and 1.92 parts per million for wheat 
grown in association with soybeans, and 9.60 and .04 parts 
per million for wheat roots grown alone at tlie first and 
second harvests, respectively. 
The average ammonia content of soybean tops 
grown alone was greater with each harvest than that of 
soybeans grown with wheat. The soybean tops grown alone 
TABLE 9 
Ammonia in soil, tops, roots and nodoiles obtained in 
the unsterilized Lupkin fine sandy loam series. 
Shovm in parts per million. 
o^t : Soil i Average : Top's I Average : Roots : Average : i^ odules : Average 
No. : : : : : : : : 
"" First Harvest 
-:a 
•H'2 
3 
4 
.1284 
.0788 
.0603 
.0476 
26.71 
23.17 
13.63 
7.50 
9.21 
10.00 
13.46 
14.58 
.1036 
.0539 
24.94 
10.56 
9.60 
14.02 
• • * • • 
41.66 
54.70 48 18 
5 .0465 4.19 17.50 • • • • • • • • • 
6 
5 
6 
.0476 
.0465 
.0476 
.0470 
.0470 
6.84 
5.00 
12.50 
5.51 
8.75 
15.90 
30.08 
.27.63 
16.70 
28.85 
• • « • • 
1093.75 
33.65 563 70 
Check 
Check 
.0409 
.0311 
• • • • « 
.0360 
• • • • • a • • • • • • « • • • • # • • • • • • • • • • • 
Second Harvest 
7 None 
Trace 
.0097 
.0089 
2.30 
.86 
3.78 
3.20 
.09 
Trace 
1.66 
1.19 
8 
9 
10 
Trace 
.0093 
1.58 
3.39 
.04 
1.43 
• • • • • 
10.37 
9.45 9 91 
11 .0087 3.20 1.84 • • « • • # • • • 
12 
11 
12 
.0250 
.0087 
.0250 
.0168 
.0168 
2.96 
2.89 
2.67 
3.13 
2.78 
2.00 
5.18 
6.08 
1.92 
5.63 
• • • « • 
14.00 
14.28 14 14 
Check .0024 • • « • • • • • • • • • • • • • « • • • • • • • • • • • • 
Check 
Orig. 
.0055 
.0062 
.0039 
.0062 
The water extracts of the soil and wheat tops of pots 1 and 2 v/ere de­
colorized v/ith a poor grade of carbon black which failed to remove all 
the coloring matter and to produce a clear soltition. The readings for 
ammonia are too high. 
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contained 10.56 and 3«S9 parts per million as compared 
v/ith 8#75 and 2«78 parts per million for soybean tops 
grown with wheat, respectively# The reverse was true v/ith 
the roots. Soybean roots grown alone contained 14.02 and 
1.43 parts per million as compared v/ith 28.85 and 5.63 
parts per million of aimnonia for tiie corresponding, plants 
grovm with wheat. 
The nodules contained an abundance of ammonia 
in all cases. Those of the first harvest contained a imich 
greater amount of ammonia than those of the second. Nodules 
produced on soybean plants grown in association with v/heat 
contained on an average more ammonia than those grown 
alone. 
In table 10 are given the results of the nitrite 
determinations made on the soil, tops, roots and nodules 
at the first and second harvest, of the unsterilised Ltifkin 
fine sandy loam aeries. An examination of this table re­
veals the absence of nitrites in the soil, tops, roots and 
nodules at the first 3iarvest in all samples, except the soil 
of the check pots. 
The nitrite content of the soil at the second 
harvest was .0362 parts per million for the soybean-wheat 
mixture and .0191 and trace for the soybeans and v/heat 
alone, respectively, as compared with a trace for the 
checks. 
FoF 
No, 
1 
2 
3 
4 
5 
6 
5 
6 
Clie 
Che 
7 
8 
9 
10 
11 
12 
11 
12 
TABIE 10 
Nitrites in soil, topsj roots and nodules obtained 
in the unaterilized Luflcin fine sandy loam series. 
Shown in parts per million* 
Tops Average ; Roots 
• 
First iHarvest 
Average ; Nodules : Average SOTT Average 
None None None • • • • • li None It None ti None • « • • * 
M « It None 
n None It None ti None It II It u 
ti None 11 None ti None • .  *  •  • 
n n II None 
It  None It  None 11 None It  
.0410 
.0572 
«  *  «  *  •  
•0391 
Second Harvest 
None 
None 
• » 
Trace None None 
Trace Trace It None 11 None * • • • • 
.0167 .96 .34 None 
.0216 .0191 1.28 1.12 .27 .31 U None 
.0381 None None • • « • 
.0343 .0362 None None .40 .20 • • • • • 
.0381 .23 13.57 Hone 
.0343 .0362 .23 .23 None 6.78 ft None 
Trace • • « • « « • » • « • • • • • • • • • II Trace 
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The tope of wheat grown alone and in association 
v;ith sojTbeana v;ere free from nitrites. This was also true 
with the roots except for those of pot 12 in wliich Virheat 
was grown with soybeans* The roots in this case contained 
.4 parts per million of nitrites • The soybean tops and 
roots contained nitrites i^ hen gvann alone and in association 
except in case of the roots of pot 12. The nodules were 
free from nitrites in all samples. 
The results of the nitrate determinations cn 
the soil, tops, roots and nodules at the first and second 
harvests are found in table 11. These data show the ab­
sence of nitrates in nodules in all sasiples at txie first 
harvest and in all soil and crops, tops, roots and nodules at 
the second harvest, except the soil of the check pots. 
A further examination of this table reveals the absence of 
any regularity in the presence or absence of nitrates in 
soils, tops and roots of plants. 
In table 12 are contained the results of the 
amino acid nitrogen determinations made on the soil, tops, 
roots and nodules for each pot in the unsterilised Lufkin 
fine sandy loam series. This table shows the absence of 
amino acids in all soils and its presence only occasionally 
in the various parts of the plants# There seemed to be 
no regularity in the presence or absence of this substance 
in any part or parts of the soybean or wheat plants. 
TABLE 11 
Nitrates in soil, tops, roots and nodules obtained 
in the unsterilized Lufkin fine sandy loam series. 
Shown ia parts per million. 
Pot ; Soil s Average : Tops : Average : Roots : Average ; iNodules : Average 
IJo* : • • • • • « • % • * • • • • 
First Harvest 
1 .0323 23.33 None 
2 .0303 .0312 None 11.66 11 None • # • • • 
3 .0018 Trace 2.18 None 
4 .0014 .0016 Trace Trace 1.60 1.89 u None 
5 None 2.52 6.85 • • • • • 
6 ti None 6.00 4.26 3.43 5.14 • • • • '9 
5 n .72 None None 
6 II None 6.85 3.79 It None It None 
Check .7000 « • • • # » • • • • • • • • • » * • • • • • • 
Check 1,5750 1.8875 • • • • • * • • 
Second Barvest 
7 None None None .  • • « «  
8 It None li None II None « • .  *  •  
9 u 11 It None 
10 II None 11 None 11 None It None 
11 It II !l • • t» • # 
12 ti None It  None It  None • • « • * 
11 11 II II None 
IS li None 11 None 11 None It None 
Check .7372 • • • • • • « • . • • • • • • • • • • • • 
check .2300 .4836 * • • « • • « • . • « • • • • • 
03?ig. .1366 .1366 . • • • t • « • • • • • • « • • 
TABIE ^  
Amino acid nitrogen in soil, tops, roots and nodules 
obtained in the unsterilized Lufkin fine sandy loam 
series. Shown in cubic centimeters of nitrogen per 
gram of sairple. 
Pot ; Soil : Average : Tops ; Average : Roots : Average Nodules J Average 
Ko. : • » • • m • « * • 1 • » » • • 
First Harvest 
1 None None None 9 « • • • 
2 II Hone ft None .16 
CO o
 • • • • • • « • « • • 
3 11 .85 None None 
4 ti None None .47 It None It None 
5 it ti It « • • « • 
6 H None n None If None ff • » • » • • « # • 
5 n 11 11 5.35 
6 u None .85 .47 II None None S.67 
Check It • • • • • • • • • •«• » • • # * • # « » • • • • • 
Check 11 None • « • • • • • • • • • « 
Second Harvest 
7 ii None None 
8 n None It None It  None • • • • • 
9 II 1.06 It  None 
10 t!  None None .53 tj None 1.77 .88 
11 It  II 11 • • • « • • • • • • 
12 11 None II None .35 .17 
11 II .35 None None 
12 It  None 1,06 ,10 It None It None 
Check u • • • • • # • * • • • • • • • • • • • • • 
Check It  None • • • « • • • • • « • • • • 9 • 
Grig. It  It  • • • • • • • • • • • « • « • • 
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In table 13 are contained the amounts of total 
nitrogen in the soil, tops, roots and. nodules for each 
pot at both harvests# An examination of this table reveals 
a loss of nitrogen in all cropped soils over the original 
and checks® The loss was greater at each harvest in the 
soil planted to wheat alone than that planted to soybeans 
alone, or the soybean-wheat mixtiire. The loss of nitrogen 
was greater with the soybean-wheat mixture than the soy­
beans alone for the first harvest but slightly less for 
the second. 
?Jith the exception of the wheat tops in pots 1 
and 2 the soybean tops had a higher percent of nitrogen 
than the corresponding wheat tops# The tops of the wheat 
grown with soybeans contained a higher percent of nitro­
gen than those grown alone, and those of the soybeans 
alone shov;ed a higher percent than those of soybeans grov/n 
v/ith wheat# The above statement also holds true for tlie 
roots of the wlieat and soybeans grovm alone and in associa­
tion. 
The nodules of this series were higxier in nitro­
gen than those of series III, but much lower tiian those of 
series I, in wliich Garrington loam soil was used» The 
average total nitrogen in the nodules was sliglitly higher 
for the soybeans grown alone than those grovm ^ vi'fch wheat, 
and higher at the first harvest than the second# 
TABIiB 3^  
Percent of total nitrogen in soil, topa, roots and nodules 
obtained in the unsterilized Lufldn fine sandy loam aeries. 
!po1; : Soil : Average : iops i Average : iRoots i Average : I'Jodules : Average 
No. ; ! I ; : i : ; 
First Harvest 
1 .0569 3.28 1.27 .. ..« 
2 .0758 .0663 3.07 3.18 1.32 1.30 • • • • • 
3 .07S7 2.34 1.61 4.11 
4 .0741 .0739 2.66 2.50 1.60 1.60 3.97 4 04 
5 .0670 2.49 1.11 ... •. . * • • 
6 .0719 .0694 1.68 2i09 1.15 1.13 ..... 
5 .0670 2.44 1.42 3.87 
6 .0719 .0694 2.20 2.32 1.33 1.37 4.00 3 99 
Check .0608 • • • • • • • • .... •  • » •  ... • • . • ». 
Check .0673 .0641 • « • • • • • • . • a • « « *  •  
Second Harvest 
7 .0642 1.30 .90 4 • • 4 
8 .0622 .0632 1.30 1.30 > .80 
CO •
 » • • • 
9 .0706 2.30 1.60 3 84 
10 .0663 .0684 2.19 2.85 1.72 1.66 3 81 3.83 
11 •0651 1.31 8^0 • • • # • • • • • 
12 .0737 .0694 2.38 1.84 1.12 .96 • • • • 
11 .0651 1.74 1.28 3 70 
12 .0737 .0694 2.22 1.98 1.97 1.62 3 71 3.71 
Check .0732 • • • » • * • • « • • 4 • V • • • • • • • • • 
Check .0756 .0744 • • • • « • • • • t « • « c c « 
Grig. .0788 .0788 o • • • • • • • O « • • • • • • 
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Series III 
In tMs series soybeans and v/heat were grown 
alone and in association on sterilized Lufkin fine sandy 
loam. The weights of tiie tops, roots, nodules and plants 
sectired are given for each pot in table 14• An examination 
of the yields in this table shows that the combined v/eight 
of the tops of wheat and soybe^ s grovm in association was 
greater than that of wheat and soybeans grown alone. The 
combined weight of the roots and plants of wheat and soybeans 
grown in association was greater than that of soybeans but 
leas than that of v/heat grown alone# The average weigjat 
of the nodules from soybean plants grown with wheat v/as 
greater than that of nodules from soybeans grown alone 
at both hai»vests« 
In table 15 are given the amounts of ammonia in 
the soil, tops, roots and nodules for each pot at both 
harvests. Here, as with the data for the soil and tops of 
pots 1 and 2 in table 9, series II, the readings of ammonia 
for soil, tops and roots of pots 1 and 2 were too high, 
due to the use of the same poor grade of carbon black for 
decolorizing the soil and plant extracts. V/ith tiiis ex­
ception the tops and roots of wheat plants grown in assoc­
iation with soybeans contained larger amounts of ammonia 
than those of wheat plants grown alone. The wheat tops 
grown in association with soybeans contained an average of 
Pot" 
Ho. 
1 
s 
5 
4 
5 
6 
5 
6 
7 
8 
9 
10 
11 
12 
11 
12 
TABUS ]A 
Dry weight of plants grown in sterilized Lufkin fine sandy 
loam. 
llodules Tops 
gms. 
Average 
gma. 
Roots 
gms. 
Average 
gms 
i?irat harvest 
gms. 
Average 
gms. 
Plants 
gms. 
Average 
gms. 
4.98 11.58 * • • • • 16.56 
5.53 5.26 11.12 11.35 • • • • k 16.65 16.60 
7.60 2.33 .26 10.19 
5.60 6.60 2.45 2.39 .21 .23 8.26 9.22 
2.57 3.05 • • • • « • « « • • 5.62 
2.10 2.33 2.70 2.87 • • • • « 4.80 5.21 
5.30 1.04 .30 6.64 
5.60 5.45 1.07 1.05 .23 .26 6.90 6.77 
Second Harvest 
6.60 23.20 29.80 
7.30 6.95 28.00 25.60 • « • • • 35.30 32.55 
7.70 2.35 .13 10.18 
10.00 8.85 2.02 2.18 .43 .28 12.45 11.31 
2.75 4.12 • • • • « 6.87 
4.67 3,71 6.27 5.19 • • • • • 10.94 8.90 
7.00 1.80 .49 9.29 
9.20 8.10 1.40 1.60 .33 .41 10.93 10.11 
TABIE 15 
Ammonia in soil. tops. roots and nodules obtained in the steri-
llzed Lufkin fine sandy loam series • Shov/n in parts per million. 
3Pot : Soil : Average : lEoips : Average : Roots : Average : Nodules : Average 
No* : • • • • • • « « • • • • « • 
First Harvest 
'^ 1 .0816 21.08 02.^ 0 • • • • • 
•»2 .0915 .0865 20.00 20.54 11.90 12.20 • « • • • • • • • • 
3 .0393 5.70 8.98 23.27 
4 .03S9 .0391 3.54 4.62 11.78 10.38 36.02 29.64 
5 .0400 7.65 6.72 • « • • • « t • • • 
6 .0244 .0322 4.55 6.10 7.51 7.11 • « « • « • • • • • 
5 .0400 5.16 12.39 25.97 
6 • 0244 .0322 3.47 4.63 10.46 11.42 42.04 34.00 
Check .0344 • • • • • • • • • • # « « • « • • • • • • • • • • • • • • • 
Check .0693 .0518 
Second Harvest 
7 Hone 2.39 .08 
8 ti Hone 2.61 2.50 .47 .28 • • • • • 
9 .0456 4.71 4.10 18.94 
10 .0403 .0429 4.10 4.41 3.83 3.96 13.07 16.00 
11 .0223 8.87 5.97 • • # • « • • • • » 
12 .0224 .0224 5.82 7.85 4.08 5.03 • m 9 9 m 
11 .0223 4.41 4.57 14.64 
12 .0224 .0224 4.19 4.30 6.88 5.73 13.20 13.97 
Chedk .0069 • • • • • . « « « .  . . . .  *  • • • • • • • • • • • • • • • 
Check .0139 .0104 
Orig, .0835 .0835 
 ^Thje water extract of soil and plants of pots 1 and 2 were decolorized 
with a poor grade of carbon black v;hich failed to produce a clear 
solution. The readings of amiuonia are too high-
•32-
6.10 and 7.85 parts per million of armonia, and while the 
tops of the wheat groy/n alone in corresponding pots con­
tained 20.54 and 2.50 parts per million for the first and 
second harvest, respectively. V/ith one exception the 
wheat tops contained a larger amount of aimaonia than the 
corresponding soybean tops. The wheat roots corresponding 
to the above mentioned tops contained on an average 7.11 
and 5.03 parts per million of aiamonia for those grov/n with 
soybeans, and 12.20 and .28 parts per million for those 
groTivn alone. V/ith one exception, the soybean roots con­
tained a larger amount of amriionia tlaan the corresponding 
wheat roots • The nodules showed an abundance of ammonia 
in all cases. 
TiVith the exception of the soil of pots 1 and 2 
the ammonia content of the wheat soil was lower than that 
of the soybean-wheat mixture and soybeans alone at both 
harvests. The soybean soil had more ammonia than the soil 
of the soybean-wheat mixture. 
In table 16 are given the I'esults of the nitrite 
determinations made on the soil, tops, roots and nodules 
at the first and second harvests of the sterilized Lufkin 
fine sandy loam series. An examination of tiiis table re­
veals the absence cf nitrites from all cropped soils, ex­
cept one wheat and one soybean soil. The amount of ni-
FoF" 
No. 
1 
2 
3 
4 
5 
6 
5 
6 
Chec 
Chec 
7 
8 
9 
10 
11 
12 
11 
12 
Chec] 
Chec! 
Orig 
TABIS 16 
Nitrites in soil, tops, 
lized Lufkin fine sandy 
roots and nodules obtained in the steri-
loam series* Shown in parts per million. 
SoTT Average Average ; Roots i Average : Nodules i Average Tops 
First rfarvesi; 
.0372 None Hone 
Trace .0186 II None n None « # « • • 
None It It None ti None 11 None II None It None tt II ti 
li None 11 None tt None •  0 0 0 9  ti u 11 None tt None II None 11 None ti None 
Trace •  0 0 - 9  • • • « • • • • « • • • « « 9 •  « 
Trace Trace • « * * « « * • • • * • • • ft • 
Second Harvest 
None 
n 
II 
.0047 
None if 
li 
ft 
.0017 
None 
.1746 
None None 
None H None 11 None ft ft ft • • ft ft ft • 
.06 .96 11.96 
.0023 None .03 2.30 1.63 1.29 6 62 
.02 .90 ft ft ft ft ft ft ft ft ft 
None .27 .14 .50 .70 ft ft ft ft « 
None 1.87 Trace 
None .23 .11 1.28 1.57 4.63 2 36 
.0008 
• • • • 
• • • ft 
ft ft ft ft 
• ft ft ft 
ft ft ft ft 
ft ft • ft 
• ft ft ft 
ft ft ft ft 
ft ft ft ft ft ft ft ft ft 
.1746 # ft ft ft • « ft ft ft ft ft ft ft ft ft ft 
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tpites present in each of these soils was very smsdl. 
Nitrites were absent in all samples of plants at the first 
harvest. 
The tops and roots of wheat grovm alone at the 
second harvest were free from nitrites v/hile those of ttie 
wheat-soyt)ean mixture showed fairly large amoimts* Only 
half of the soybean tops of this liarvest contained ni­
trites, while tliey v/ere present in fairly large qiiantitiea 
in the roots and nodules of all soybean plants# The aver­
age nitrite content of the roots and nodules of soybeans 
grov/n alone was greater than that of soybeans grown \7ith 
v/heat* 
The results of the nitrate detei-minations on the 
soil, tops, roots and nodules for each pot in series III 
are found in table 17« An examination of the results in 
this table shows that nitrates were present in only two 
cropped soils, the checks and the original. A further exam­
ination of this table reveals the fact that nitrates were 
also absent from all soybean and v/heat tops, as v/ell as 
the wheat roots and soybean nodules. Nitrates were pres­
ent only in the soybean roots from pots 6, 9, 10, and 12. 
In table 18 are presented the results of the 
amino acid determinations made on tlie soil, tops, roots and 
nodules for each pot in the sterilized Lufkin fine sandy 
loam series. An examination of this table shows that amino 
FcTT" 
Ho. 
1 
2 
3 
4 
5 
6 
5 
6 
Cliec] 
Chec] 
7 
8 
9 
10 
11 
12 
11 
12 
Chec] 
Cheo] 
Oris 
TABIE 2^ 
Nitrates in soils, tops, roots and nodules obtained in the steri­
lized Lufkin fine sandy loam series. Shovm in parts per million. 
Soil I Average : Tops I Average : koots i Ayerage : i^ Todules ; .Average 
• • • • m • « 
• • • 9 • » • 
First Harvest 
.0412 
.0341 
None II 
«t 
tl 
It 
.4666 
.2800 
.0376 
None 
None 
None 
.5733 
None 11 
It 
11 
It 
tt 
It 
It 
None 
None 
None 
None 
None 11 
II 
It 
u 
It 
tt 
8.77 
None 
None 
None 
4.38 
« • • • 
• • « • 
• • • * • 
None 
II 
• t « 
None It 
None 
• * « « • 
None 
• • « • # 
Second Harvest 
None 
tt 
II 
It 
It 
II 
H 
tl 
.4200 
.0390 
.0364 
None 
None 
None 
None 
None 
.2295 
.0364 
• « » 9 
• « • • 
• • « • 
None 
None 
None 
None 
ft • « • 
• • • • 
None 
tt 
4.56 
3.86 
None 
3.53 
• • • • 
• • # • 
• « • • 
None 
4.21 
None 
1.76 
• • • • 
• • • • 
« • • • 
None 
• « • • f 
None It 
None 
None 
TABIE 18 
Amino acid nitrogen in soil, tops, roots and nodules obtained in the 
sterilized Lufkin fine sandy loam series# Shomi in cubic centimeters 
of nitrogen per gram of sample. 
Pot : Soil i Average : Tops i Average s Roots I Average : Nodules : Average 
Ho» ; : I t t : ; 
fe'irst Harvest 
1 None None Hone 
2 n Hone H Hone 11 Hone • • « « • 
3 If .5275 .58 Hone 
4 It None .5200 .5200 1.65 1.12 It Hone 
5 li Hone .41 • • « • a • • • • • 
6 :» None ti Hone Hone 
o
 
03 •
 • « « « « 
5 It It It Hone 
6 » Hone .2700 .1300 1.53 .76 <1 None 
Check It • • • • • • • « • • • • • • • • • • • « • • • 
Check ij Hone « • • • • « • • • • • • 
Second Harvest 
7 ft Hone Hone 
8 1! Hone It Hone It Hone • • « • • 
9 II 1.0100 It Hone 
10 II Hone .4200 .7600 tt Hone u None 
11 II Hone 11 • • • • • 
12 II Hone TI Hone 1! Hone . . • » « 
11 II .1500 It Hone 
12 II Hone .1700 .1600 II Hone li Hone 
Check II • # • • • • • • ^ • • • • • • • • • • • • • « 
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acids were present only in the roots of soybeans and wheat 
in pot 5f and all of the soybean tops except pot 5. The 
soybean tops contained a small amomt of amino acid except 
as specified above# 
In table 19 are contained the amoimts of total 
nitrogen in soil, tops, roots and nodules for each pot in 
series III# An examination of this table reveals a loss 
of nitrogen from all soils over the original. The loss was 
less at each harvest in the soils planted to v:heat tlian in 
those planted to wheat and soybeans in association, or 
soybeans alone. The loss was much greater at the second 
harvest than the first# The difference between the loss of 
nitrogen from the soils planted to v/heat and soybeans in 
association and soybeans and wheat alone was very slight. 
The tops and roots of wheat groY/n in association 
with soybeans had a higher? percent of nitrogen than the 
tops and roots of corresponding wheat plants grovm alone. 
With the exception of pot 6, the roots of the soybeans 
grown alone contained a higher percent of nitrogen than 
those of the corresponding plants grovm in association v/ith 
wheat. 
The nitrogen content of the nodules was higher 
than that of the tops and roots of the soybean plants, but 
much lower on an average than that of the nodules of the 
unsterilized soil in series II. The nodules of the second 
TABLE 3^ 
Percent of total nitrogen in soil, tops, roots and nodules 
obtained in the sterilized Ltifkin fine sandy loam series. 
Pot : Soil : Average : Tops : Average s Roots : Average : tlodules : Average 
Ho. t I : : 5 : i i 
Harvest 
1 .0733 2.13 .67 • • • • • 
2 .0701 .0717 2.09 2.11 .62 .65 • • 9 • • 
3 .0632 2.98 1.80 3.48 
4 .0596 ,0614 2.84 2.96 1.57 1.69 4.SO s 94 
5 .0628 2.04 1.51 • • • • • • • • • 
6 .0632 .0630 2.51 2.17 1.26 1.38 « • • • • 
5 .0628 2.45 1.95 4.49 
6 .0632 .0630 2.61 2.53 3.18 2.57 2.81 3 65 
Clieck .0702 • • • • • « • • ^ • 4 • • • • « • ft » • • • • • • 
Check .0799 .0750 • V • • • • • • • • • • 
Second Harvest 
7 .0726 1.36 .81 
8 .0665 .0695 1.17 1.27 .49 .65 • 0 • • « 
9 .0497 2.74 1.68 2.36 
10 .0445 .0471 2.46 2.60 1.39 1.53 S.36 2.36 
11 .0485 1.55 .84 • r • • • • • • • • 
12 .0434 .0459 1.68 1.61 .75 .79 • « • • • 
11 .0485 2.30 1.19 3.30 
12 .0434 .0459 2.30 2.30 1.10 1.15 5.00 3.15 
Check .0630 « • • • • • • # • # « # • # # # • « • » 9 • • • • • 
Check .0713 .0671 • • • • • • • • 4 9 m • • • • • 
Orig. .0788 .0788 • • • • • • • • # • « • • • • • 
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harvest were lower in nitrogen than those of the first. 
Series IV. 
In this series soybeans were grovm in nitrogen-
free sand. Pots 1 and 2 were uninoculated while pots 3 to 
8 inclusive were inociilated. The plants in pots 1 and 2 
were harvested as soon as growth ceased, due to the ex­
haustion of the reserve food in the cotyledons. The plants 
of pots S and 4 vfere cut at the time when they were just 
recovering from the period of "nitrogen hunger". The roots 
and sand irmnediately around the roots were analyzed for the 
various forms of water soluble nitrogen recorded in the 
tables below. The plants in pots 5 and 6 were harvested 
when the first blooms appeared and those of pots 7 and 8 
when the first pods were about half mature. The sand, 
tops, roots and nodules vieve analyzed for the same forms 
of nitrogen reported in the soil series. 
The weights of the tops, roots, nodules and 
plants secured are contained in table 20. An examination 
of the yields in this table reveals the fact that the 
inoculated plants made a satisfactory growth in the nitro­
gen-free sand. The average yields of tops, roots, nodules 
and plants increased with the age of the plant. 
In table 21 are contained the amomts of ammonia 
TAB IS ^  
Dry weight of plants grown in nitrogen-free sand. 
Pot : Tops ! Average : Roots : Average : Nodules : Average : Plants : Average 
No. : : ; : : : : : 
; gma. : sms* : ma* ; gma. t gms. ; gms. : gms. ; gms. 
1 .26 ..... 
2  . • . » •  . 4 5  . 3 4  . • • » .  . . . a .  . « . » «  . « . * •  
3  . . i . .  . . . . .  . 8 5  . . . . .  . . . . .  
4 .94 .89 ..... 
5 10.92 3.45 1.34 15.71 
6 10.62 10.77 3.65 3.55 1.37 1.35 15.64 15.68 
7 14.42 4.26 1.75 20.43 
8 12.19 13.30 2.98 3.62 1.64 1.69 16.81 18.62 
TABLE 21 
Ammonia in sand, tops, roots and nodules obtained 
in the nitrogen-free sand series. Shown in parts 
per million. 
Pot : 
No. : 
Soil ; 
• 
• 
Average : Tops 
• 
• 
: Average 
• 
• 
I Roots : 
• • • • 
Average : 
• 
Nodules : Average 
• 
• 
1 .1100 73.10 
2 .1750 .1425 47.88 60.49 
3 .0937 15.33 
4 .0920 .0928 10.63 12.98 
S .0580 3.86 4.47 7.36 
6 .0540 .0560 3.86 3*86 3.53 4.00 3.56 5.46 
7 .0580 3.46 3.90 3.87 
8 .0440 .0510 4.30 3.88 4.65 4.27 6.45 5.16 
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in the soil, tops, 3?oots and nodiiles for each pot in 
series IV. An examination of the results given in this 
tal3le shows tliat ammonia was present in all samples of sand 
and crops. The most striking feature of this table v/as 
that the sand and roots of the uninoculated pots 1 and 2 
content 
had a nnich higher ammonia/than those of the inoculated pots. 
The ammonia content of the sand was greatest v/ith pots 1 
and 2 and smallest with pots Y and 8. The ammonia content 
of the sand of the inoculated pots decreased v/ith the age 
of the plants# 
Ammonia determinations were not made on the tops 
of plants in pots 1 to 4 inclusive. The tops of the plants 
of the remaining pots showed the presence of ammonia in all 
cases, the average ammonia content v/as practically the same 
at both harvests. 
There was a striking similarity between the 
ammonia content of the sand and roots of all pots. The 
roots of the uninoculated soybean plants contained an aver­
age of 60.49 parts per million of atnmonia as compared v/ith 
12#98, 4.00 and 4.27 parts per million for those of the 
soybeans harvested at the "nitrogen hunger", "first bloom" 
and "first pods half mature" stages, respectively. 
The nodules of pots 5 to 8 inclusive, sliov/ed 
the presence of ammonia, the amount being slightly hi^ er 
for pots 5 and 6 than for 7 and 8. 
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In, table 22 are found the data obtained for the 
nitrites in the sand, tops> roots and nodules for each 
pot of the nitrogen-free sand series. An examination of 
this table reveals only a trace of nitrites in the sand 
and "none" in the roots of the uninoculated pots» In the 
case of the inoculated pots 3 and 4 nitrites were absent 
from the sand in both pots as well as the roots of pot 3. 
The roots of pot 4 showed only a trace of nitrites# The 
sand, tops, roots and. nodules of pots 5 to 8 inclusive all 
showed the presence of nitrites, the amount being greater 
in the sand, tops, roots and nodules of pots 5 and 6 than 
7 and 8. 
In table 23 are given the results of the nitrate 
determinations made on the sand, tops, roots and nodules 
for each pot in the nitrogen-free sand scries. An examina­
tion of this table sliows that nitrates were absent from 
the sand, tops, roots and nodules in all sac^ les except 
for the sand in pots 1 and 4 and roots of pots 3 and 4. 
In table 24 are contained tlie results of the 
amino acid nitrogen determinations made on the sand, tops, 
roots and nodules for each pot in the nitrogen-free sand 
series. Amino acids, as shown by tliis table, were absent 
from the sand and nodules of all pots, and also from the 
roots in all pots except 6 and 7» The soybean tops of 
TABLE 22 
nitrites In sand, tops, roots and nodules obtained in the 
nitrogen-free sand aeries# Shovm in parts per million. 
i-ot : 
Ho. : 
Soil : 
* 
• 
Average : 
• 
Tops : 
• 
• 
Average ; Roots ; 
• m 
• • 
Average J Nodules 
• 
• 
: Average 
• 
• 
1 Trace Hone 
2 n Trace None None 
S None None 
4 None None Trace Trace 
5 .0107 .92 .
 
CD
 
.99 
6 .0151 .0129 .41 .66 .57 .52 .71 .85 
7 .0067 .31 .55 .48 
8 .0067 .0067 .40 .35 .45 .50 1.18 .83 
TABLE 23 
Nitrates in sand, tops, roots and nodules obtained in 
the nitrogen-free sand series. Shown in parts per 
million* 
Pot ; 
No. : 
i^ oil : Average 
« 
• 
: Tops : 
• • 
• • 
Average : Roots : 
• • « • 
Average : 
• 
• 
N'odtiles ; Average 
• 
• 
1 .0350 None 
2 None .0175 ti None 
3 n 36.88 
4 .0251 •> .0125 19-72 28.30 
5 Uone None None None 
6 » Hone 11 None tt None It None 
7 n It 11 
8 t) None t< None It None II None 
TABIiE ^  
Amino acid nitrogen in sand, tops, roots and nodules obtained 
in the nitrogen-free sand aeries- Shown in cubic centimeters 
of nitrogen per gram of sample* 
!Po  ^: Soil I Average Tops I Average ; Roots : Average : Nodule's Average 
Ho* ; t i : ; i : : 
1 Hone *.... None ..... .... 
S " None ..... . •..» " None . *... .... 
3 " " .... 
4 " None ..... ii«... " None ..... »... 
5 " 1.37 " None 
6 " None 1,37 1.37 .86 .43 " None 
7 " 1.37 .71 " 
8 " None 1.37 1.37 None .35 " None 
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pots 5 to 8 inclusive, revealed tlie presence of small quan­
tities of amino acid nitrogen. 
In table 25 are given the amounts of total nitro­
gen in sand, tops, roots and nodules obtained in the nitro­
gen-free sand series® Total nitrogen determinations v/ere 
made only for the sand, tops, roots and nodules in pots 5 
to 8 inclusive, as shov/n in the table. An examination of 
this table reveals a decided gain or fixation of nitrogen 
in the sand. It also shows the fact that the tops, roots 
and nodules of the soybean plants contained a high percent 
of nitrogen in all cases. 
Discussion of Results. 
It may easily be seen from the data presented 
in this paper that some of the problems discussed do not 
have a direct bearing on the main object of the experiment. 
Ho7/ever, those not bearing directly upon the main subject 
were very closely related to it and may be used to good 
advantage for supplementing the present available data on 
these points. 
A careful study of the portion of the data bear­
ing directly upon the object of this paper discloses some 
very interesting occui'rences which, even tho they may be 
applicable only to the conditions under v/hich the e^ eri-
TABLE ^  
Percent of total nitrogen in sand, tops, roots and nodules 
obtained In the nitrogen-free sand aeries. 
Pot : 
No* : 
Soil 
« 
« 
Average ; Tops : 
• • 
• • 
Average 1 4 
Roots : 
• 
» • 
Average ; 
• 
• 
Modules ; Average 
• 
• 
1 
p 
4 
5 .0153 2.73 2.66 4.23 
6 .0174 .0163 2.75 2.74 2.61 2.64 4.45 4.34 
7 .0149 2.79 2.91 4.19 
8 .0161 .0150 3.06 2.93 2.91 2.91 4.82 4.61 
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mental work was conducted and not to field conditions in 
general, if not a solution to the prohlem in themselves, 
may prove helpful in arriving at a satisfactory one* 
The data presented in the foregoing pages may 
be summarized briefly here in order to direct attention 
to the more salient points which they bring out. 
The weights of the tops, roots, nodules and 
plants were of no particular significance in so far as 
this problem was concerned but it might be worth while 
to review them briefly in passing. 
In the unsterilized soils the combined weights 
of the soybean and v/heat tops grown in association were 
greater than -those of wheat but less than those of soybeans 
grown alone. In the Carrington loam series the combined 
weights of soybean and wheat roots grov/n in association 
were less than those of v;heat or soybeans grown alone, 
while in series II the combined weights of soybeans and 
wheat grown in association were greater than those of soy­
beans, but less than those of wheat grown alone. In the 
two Lufkin fine sandy loam series the combined v/eights of 
the soybean and wheat roots grown in association v;ere 
larger than those of soybeans and i/sflieat grovm alone. The 
wei^ ts of the tops in aeries I and II were aboiit as would 
be expected since other experiments have indicated that 
wheat would profit by the association with a legume. The 
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variation in the combined weights of the soybean and 
wheat roots of series I and II may be ascribed to the heavy 
growth of the wheat roots in the tinfertile Liifkin fine 
sandy loam soil of series II• 
In series III the combined weights of soybean 
and Y/heat tops grown in association were greater than soy­
beans or wheat grovm alone, while in the some series the 
combined weights of the soybean and wheat roots grown in 
association were greater than those of soybeans, but less 
than those of v/heat grown alone. The irregularity in the 
wei^ ts of the tops in this series may be ascribed to the 
influence of sterilization of the soil upon the crop grov/th. 
The combined weights of the soybean and wheat plants grown 
in association were greater than those of v;heat but less 
than those of soybeans grovm alone on Carrington loam# In 
the unsterilized Lufkin fine sandy loam series the combined 
vrei^ its of the soybean and wheat plants gro\7n in associa­
tion were greater than those of wheat or soybeans grown 
alone, while in the sterilized Lufkin fine sandy loam the 
yields were the reverse of those of the unsterilized 
Carrington loam. 
A careful examination of the ammonia data reveal­
ed several very interesting facts. With the exception of 
one soil, ammonia was present in greater or less amounts 
in all samples of soil, tops, roots and nodules of each 
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pot in tlie four series. The v/heat soils of both harvests 
of the Garrington loam and those of tlie first harvest of 
the two Lufkin fine sandy loan series had a higlier 
ammonia content than those planted to vmeat and soybeans 
grown in association or soybeans alone. With one or tv/o 
exceptions there v/as but little difference in the armnonia 
content of soils planted to the soybean-wheat mixture and 
to soybeans alone in series I, II, and III, 
A furtlier examination of these data reveals the 
fact that, v/ith the exception of the v/heat iops of the 
first hai'vest of series II and the wheat tops and roots of 
the same harvest of series III, in which case a poor gi'ade 
of carbon black v/as used to decolorize the plant extifact, 
the tops and roots of v/heat grown in association with 
soybeans contained a higher amiionia content than those of 
corresponding wheat plants gromi alone. The regularity 
of this difference may be a peculiar coincidence and have 
no bearing on the immediate solution of the jjroblem, but 
it v/as very striking indeed v/hen considered in the light 
of a more complete discussion of the ammonia data present­
ed here. In all instances the roots of soybeans grown 
with wlieat contained a hi^ er ammonia content than those 
of corresponding soybeans grown alone. Should the wheat 
plants obtain nitrogen from the soybeans in the form of 
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ammonia their association with the latter evidently served 
to stimulate the production of ammonia by the soybean 
plant thini the assistance of the nodule bacteria. With 
the exception of the aecond harvest of the Carrington 
loam eeries, and the first liarvest of the sterilized 
LufMn fine sandy loam series, the tops of soybeans grov/n 
alone contained more aim^ ionia than those of corresponding 
soybean plants grown with v/heat. The difference in the 
former case was about 1»5 parts per million while in the 
latter the difference was very slight* 
Assuming amiaonia to be the form of nitrogen ob­
tained from the soybean by the wheat grovm in association 
with it, a possible ejsplanation of this peculiar coincid­
ence may be found in tlie suggestion that the close relation­
ship existing between the roots of the two plants was of 
such nature that the wheat plant vms able to obtain the 
ammonia from the soybean before it passed from the roots 
to the plant proper. 
The nodules contained an abundance of anniionia in 
all cases, the amoimt in each series being much greater at 
the first harvest than the second-. Ammonia was also present 
in the sand, tops, roots and nodules of the soybeans from 
each pot in the nitrogen-free sand series. The sand and 
soybean roots from the uninoculated pots of tliia series con­
tained more ammonia than those from the inoculated pots. 
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The ammonia content of tiie sand and soybean jjoots of pots 
3 and 4, harvested at the tiuie v;hen the plants v/ere just 
recovering from the period of "nitrogen hunger", v;as mch 
greater than that of pots 5 to 8 inclusive v;hich were 
harvested at later periods. There were but slight differ­
ences betv/een the aminonia content of the sand, tops, roots 
nodules of those pots harvested at the tv/o last stages 
of grov/th. 
The data obtained on nitrite nitrogen were not 
nearly as interesting as those of ainnionia. Kitrites v/ere 
present in all soils, tops, roots and nodules of each pot 
in the Carrington loam series* The amiiiunt present v/as 
much larger in the soils and roots of the second harvest 
tlian those of the corresponding soils and roots of the 
first, and much smaller for the tops and nodules of the 
second than those of the first. In contrast with this, 
nitrites v/ere absent from all cropped soils of the steri­
lized Lufkin fine sandy loam, except those planted to v/heat 
alone, and all of the unsterilizsed Lufkin fine saixiy loam. 
The differences found here may possibly have been due to 
the difference in the fertility of the tv/o types of soil. 
The wheat soils of the second harvest had a 
trace and "none" of nitrites in series II and III, respect­
ively. The soils of series II, in v/hich soybeans and 
wheat were grovm both in association and alone, contained 
small amounts of nitrites v/hile in series III nitrites 
were present in the soybean soils only. All tops and 
roots of soybeans and the wheat roots of one set of soy­
bean-wheat pots, of the second harvest of series II, 
showed nitrites to be present v/hile the other v/heat 
roots showed tliem to be absent. Hitrites were present in 
the tops and roots of soybeans grown alone, aiid with ?/heat, 
and those of v/heat grown v/ith soybeans at the second iiar-
vest of series III. They also occurred in the nodules of 
the second harvest of this series. 
The sand of. uninoculated pots 1 and 2 of the 
nitrogen-free sand series showed a trace of nitrites v/hile 
that of the inoculated pots 3 and 4 did not. Nitrites were 
absent from uninoculated roots but were present in traces 
only in the roots of the inoculated pots 5 to 8 inclusive 
of this series. Hotwithstanding the fact that nitrites 
occur in all samples of inoculated soybean roots, tops and 
nodules of the nitrogen-free s:\nd, they did not always 
occur in similar parts of inoculated soybeans grovm in the 
sterilized and unsterilized Lxifkin fine sandy loam. 
Nitrates were present in all soils and samples 
of tops and roots of wheat and soybeans in series I» They 
were absent from all nodules in this as well as the other 
three series. Nitrates v/ere present in small amounts 
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only in the soil in wliicli wheat and so^ jrbeans v/ere grown 
alone at the first harvest in series II, and in virheat 
soils of series III of the same harvest. Nitrates were 
present in the tops of wheat and soybeans grown alone and 
in association, and in the roots of soybeans grovm alone, 
and those of wheat gron-vn \7-ith soybeans at the first liar-
vest of series IX« All tops and roots of the second Imr-
vest of series II \7ere free from nitrates • 
In the sterilized Ltifkin.fine sandy loam series 
nitrates v/ere absent from all soybean and wheat tops. They 
were present only in the roots of soybemia of the soybean-
wheat mixture of the first harvest, and tliose of the soy­
beans grown alone and with wheat of the second. 
nitrates were present in the sand of pots 2 and 4 
and the soybean roots of pots 3 and 4 of the nitrogen-free 
sand series. In all otlier pots of this series nitrates 
were absent from the sand, tops, roots and nodules. 
It seems that the complete absence of nitrates 
from all samples of nodules and their irregular occurrence 
in the soil and tops and roots of soybeans would minimize 
tlieir importance in this problem. 
Amino acid nitrogen was absent from all soils in 
series I to III inclusive, ajid sand of series IV, and 
p3?esent in all samples of soj^ bean tops of the four series 
except those of pots 4, 5 and 10 of series II, arid 5 of 
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series III. It vras also present in all samples of roots 
of series I, except the roots of soybeans grovm alone 
at the second liarvest. All v/heat tops of series II and 
III and all roots of series II, except those of v/heat 
grown alone at the first harvest and those of soybeans 
grown vfith wheat- at the second, v/ere free from amino 
sLCid nitrogen# The soybean nodules of series II grov/n in 
association with wheat at the first liarvest, and alone 
at the second, showed the presence of small quantities 
of amino acid nitrogen. In series III amino acid nitrogen 
was absent from all roots at the second harvest and all 
nodules at both harvests of tliis series as well as thje 
nodtiles of series IV. Amino acid nitrogen was present 
in small amounts in only half of the soybean roots of 
series IV. 
The data on the total nitrogen in the soil, 
tops, roots and nodules revealed a loss of nitrogen from 
the soil of each pot in the three soil series, and a con­
siderable gain for those of the nitrogen-free sand series 
over the original. V/ith the unsterilized soil this loss 
was greater in the soil planted to v/heat alone than that 
from ttie soil planted to soybeans and wheat in associa­
tion or soybeans alone, v/hile the loss from the soil 
planted to v/heat albne in the sterili2sed Lufkin fine sandy 
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loam series v/as lesv-s than tliat from tlie soils planted 
to soybeans and wheat in association or soybeans alone. 
The diffei^ nc© in the loss of nitrogen from soils 
planted to soybeaiis and v/heat in association and that 
planted to soybeans alone, v/as only slight in most 
cases. 
She percent of nitrogen in the wheat tops grovm 
alone was sligibtly greater than that of wheat tops grovm 
v;ith soybeans in -unsterilized Carr;lngton loam, v/hile the 
reverse was t2n2e v/ith the roots* At the first liarvest 
of the unsterilized Lufkin fine sandy loam aeries, the 
nitrogen content of the tops and roots of v/heat grovm 
alone was greater than that of the corresponding plants 
grovm in association v/ith soybeans, while the reverse was 
true witli tlie corresponding plants of the second harvest. 
In the sterilized Luflcin fine sandy loam soil the roots 
and tops of wheat grown alone contained a lov/er percent 
of nitrogen than those of correspondirig plants grov;n 
in association with soybeans. With three exceptions tlie 
tops and roots of soj^ tjeaiis grown alone contained a higher 
percent of nitrogen than the tops and roots of correspond­
ing soybean plants grown v/ith wheat. Tv/o of these ex­
ceptions occurred at the second liarvest of the Carrington 
loam series and v/ere very slight, being #0568 and .0621 
percent nitrogen. The other occ-urred at the first harvest 
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of series III, the difference in tli s case "being .387 
percent nitrogen v/iiich v/as much greater than that for 
series I. 
The nodules had a much liigher nitrogen content 
than the tops and roots in all cases. The nitrogen 
content of the nodules of series I v/as imich Mgher on 
an average tlian that of the nodules of the corresponding 
plants of series II, and that of series II ^ vas higher 
than that of series III# The nitrogen content of the 
nod'oles of the nitrogen-free sand series v/as greater than 
that of tlifi corresponding pots of series II and III, 
but less than that of series I. In most instances the 
percent of total nitrogen in the tops and roots of the 
soybean plants of the nitrogen-free sand series was 
greater than that of the correspondiiig soybeans of the 
three soil series. 
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Conelu3ions. 
Tlie data obtained from these experioenta seem 
to Justify the following conclusions: 
1. With the exception of the wheat soil of the 
second harvest of the sterilized Lufkin fine snndy loam 
series, aiamonia v/as found in all soils, tops, roots, and 
nodules of each pot in the four series. 
2. V/ith the exception of the wheat tops grown 
alone at the first harvest of series II, and the tops and 
roots of wheat grown alone at the Siime harvest of series 
III, in which case a poor grade of car"bon "black was used 
to decolorize the plant extracts, the tops and roots of 
wheat grov/n in association with soybeans had a higher 
aimnonia CQiitent than those of corresponding wheat plants 
grown alone. 
3. The roots of soybeans grovm in association 
with wheat contained a larger amount of ammonia than 
those of corresponding soybean plants grovm alone. 
4. The sand and soybean roots of the uninoculated 
pots of the nitrogen-free sand series contained more 
ammonia than those of the Inoculated pots. 
5. Nitrites were found in all tops and nodules 
and in all roots of the inoculated pots of the nitrogen-
free sand series, except the roots of pot 3. 
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6. Nitrates were not found in soybean nodules 
of any series, but vrere sometimes found in tlie roots of 
Inoculated soybeans grovm in nitrogen-free sand. 
7. Amino acid nitrogen v;as not found in the 
soil or nitrogen-free sand. 
8. Amino acid nitrogen was found in all soy­
bean tops of the four series, except those of pots 4, 
5 and 10 of series II, and 5 of series III. 
9. Amino acid nitrogen was sometimes found 
in soybean nodules, soybean and wheat roots arttl in v/heat 
tops. 
10. YiJheat grovm in association with inoculated 
soybeans may, under favorable conditions, obtain consid­
erable amounts of nitrogen from the latter v/ithout lower­
ing the nitrogen content of the soybeans. 
11• Soybeans were capable of fixing large 
amounts of nitrogen v;hen grown in inoculated nitrogen-free 
sand* 
12* Ammonia was the only form of vrater soluble 
nitrogen found in the soil and nitrogen-free sand of each 
pot containing so^ jbeans in the four series* 
13* The benefieial influence exerted upon 
wheat by the inoculated soybeans was evidently due to 
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soluble nitrogen, possibly amuonia, placed at the dis­
posal of the latter by the former, when grovm in associa­
tion. 
14. All cropped soils shov/ed a loss of nitro­
gen# With the 'unsterilized soil this loss v/as greater 
in the soil planted to wheat alone than from soils planted 
to soybeans and wheat in association or soybeans alone, 
v/hile in the sterilized LufldLn fine sandy loam series 
the loss from the soil planted to wheat alone was less 
than the soil planted to soybeans and wheat in associa­
tion or soybeans alone. 
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